Objective: Auditory temporal processes in quiet are impaired in auditory neuropathy (AN) similar to normal hearing subjects tested in noise. N100 latencies were measured from AN subjects at several tone intensities in quiet and noise for comparison with a group of normal hearing individuals. Methods: Subjects were tested with brief 100 ms tones (1.0 kHz, 100-40 dB SPL) in quiet and in continuous noise (90 dB SPL). N100 latency and amplitude were analyzed as a function of signal intensity and audibility. Results: N100 latency in AN in quiet was delayed and amplitude was reduced compared to the normal group; the extent of latency delay was related to psychoacoustic measures of gap detection threshold and speech recognition scores, but not to audibility. Noise in normal hearing subjects was accompanied by N100 latency delays and amplitude reductions paralleling those found in AN tested in quiet. Additional N100 latency delays and amplitude reductions occurred in AN with noise. Conclusions: N100 latency to tones and performance on auditory temporal tasks were related in AN subjects. Noise masking in normal hearing subjects affected N100 latency to resemble AN in quiet. Significance: N100 latency to tones may serve as an objective measure of the efficiency of auditory temporal processes.
Introduction
Auditory neuropathy (AN) describes patients with dysfunction of the auditory nerve in the presence of preserved cochlear outer hair-cell receptor functions (Starr et al., 1996) . The sites of involvement in the auditory periphery include auditory nerve (Starr et al., 2003) , or the inner-hair cells and their synapses with auditory nerve fibers (Rodríguez-Ballesteros et al., 2008; Roux et al., 2006) . The diagnosis of AN is based primarily on physiological measures of function of auditory nerve and brainstem pathways, cochlear outer hair cells, and auditory middle-ear muscles. The criteria include: (1) absence or marked abnormalities of auditory brainstem responses (ABRs) beyond that expected for the degree of hearing loss; (2) preserved outer hair-cell activity including otoacoustic emissions (OAEs) and/or cochlear microphonics (CMs); and (3) absence of acoustic and preserved, non-acoustic middle-ear muscle reflexes (Berlin et al., 2003; Rance, 2005; Starr, 2009; Starr et al., 1996 Starr et al., , 2001 Starr et al., , 2008 .
Adult AN patients typically complain of an impaired ability to understand speech especially in the presence of noise (Rance et al., 2004; Sininger and Oba, 2001; Zeng and Liu, 2006) . The auditory processes that contribute to the speech perceptual deficits appear related to abnormal temporal and masking functions (Vinay and Moore, 2007; Zeng et al., 1999 Zeng et al., , 2005 . Rance et al. (2008) identified in some Freidreich's ataxia, a mitochondrial disorder affecting degeneration of auditory nerves but not outer hair cells (Spoendlin, 1974) , that speech perceptual errors involve stop consonants (e.g., /t/ vs. /d/) distinguished by voice onset times, a temporal cue, but not fricatives (e.g., /s/ vs. /f/) distinguished by spectral cues. Speech perception in other etiologies of AN are necessary to define if these defects are also present.
Our understanding of AN will benefit from a knowledge based on etiology, such as specific gene mutations, and the relationship of the auditory nerve disorder to other clinical findings. For instance, temporal bone studies of adult AN patients have shown loss of auditory nerve fibers, demyelination of remaining fibers, and normal numbers and morphology of both outer-and inner-hair cells (Bahmad et al., 2007; Hallpike et al., 1980; Spoendlin, 1974; Starr et al., 2003) . These findings are consistent with some postsynaptic disorders of auditory nerve as being part of generalized disorders affecting both peripheral and other cranial nerves. A pre-synaptic form of AN is now identified due to mutations of
